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In the present paper we have used a three-color
immunofluorescence procedure combined with
flow cytometry cel analysis and sortingfor the
identification and enumeration of human mast
ceUs in both normal and pathological bone mar-
row samples. Our results show that bone mar-
row mast cells are clearly identifiable on the ba-
sis of their light-scatter properties and strong
CDI1 7 expression. These cells were negativefor
the CD34, CD38, and BB4 antigens. In addition,
they were CD33+ and displayed a high reactivity
for the anti-IgE monoclonal antibody. The iden-
tity of the CD1J 7-strong+ ceUls (mast cells) was
confirmed by both microscopic examination and
flow cytometry analysis. The overallfrequency of
mast ceUs in the bone marrow samples analyzed
in the present study was constantly lower than
1%. The lowestfrequencies corresponded to nor-
mal human bone marrow samples (0.0080 ±
0.0082%) and the highest to those patients suf-
fering from indolent systemic mast ceU disease
(0.40 + 0.13%o). In summary, our results show
that the identification and enumeration of bone
marrow mast cells can be achieved using mul-

tiparametric flow cytometry. Moreover, once
identified, mast cells are suitablefor being char-
acterizedfrom thephenotypic and thefunctional
point of view, facilitating the comparison be-
tween normal and abnormal mast cells. (Am J
Pathol 1996, 149:1493-1499)

Mast cells (MCs) are present at very low frequencies in
normal human bone marrow (BM). In histological sec-
tions, MCs are distributed especially near the en-
dosteum, in the periosteum, in association with small
blood vessels and at the periphery of lymphoid nod-
ules or aggregates.1 Since the availability of monoclo-
nal antibodies, the immunophenotype of human MCs
has been analyzed in most of the organs where they
have been identified.2`7 Accordingly, these studies
have shown that, among other markers, MCs charac-
teristically express two surface receptors: the high af-
finity IgE receptor (FcsRl)8'9 and the CD1 17 antigen
(MC growth factor receptor, c-kit, or stem cell factor
receptor).2471011 In the past years, an increasing
number of reports have been published3-5,12,13 in
which the immunophenotype of MCs was analyzed,
although their identification is still based on morpho-
logical, cytochemical, and ultrastructural criteria. This
is probably related to the fact that the antigens found to
be expressed by MCs are also present in other cell
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types.3'13-19 Due to their low frequency, enrichment of
MCs has been a prerequisite for their immunopheno-
typical analysis. For that purpose, both tissue disag-
gregation using enzymatic methods7'13 and proce-
dures to purify the cell fraction containing MCs have
been extensively used.13 Although the former tech-
niques have been shown to affect the detection of
several MC antigens,713 the procedures used for MC
enrichment such as sedimentation and centrifugation
may induce selective cell 1oss.13 Quantitative evalua-
tion of MCs has been attempted in several tissues
and pathological conditions using different tech-
niques.20 30 In any case, the enumeration of the MCs
present in a sample has never been achieved with
accuracy, despite the fact that the existence of in-
creased numbers of MCs in different tissues, including
BM, may have clinical value in several pathological
conditions.20'31-34

Flow cytometry is a well suited technology for the
analysis of single-cell suspensions, even when such
cells are present at very low frequencies35; however, to
the best of our knowledge, immunophenotypical anal-
ysis of MCs by flow cytometry has not been performed
in either whole BM or peripheral blood samples.

In the present paper, we have used a three-color
immunofluorescence procedure combined with flow
cytometry cell analysis and sorting for the identifica-
tion and enumeration of human BM MCs, which may
facilitate future phenotypic and functional studies of
these cells.

Materials and Methods
Samples
BM samples were obtained after informed consent
from 12 healthy volunteers undergoing either orthope-
dic surgery or BM harvest, 15 patients diagnosed with
chronic lymphoproliferative disorders (8 B-cell chronic
lymphocytic leukemia cases, 2 Waldenstrom macro-
globulinemia, 4 multiple myeloma, and 1 benign mono-
clonal gammopathy), 4 cases of urticaria pigmentosa,
5 individuals suffering from indolent systemic MC dis-
ease, 1 patient with acute myeloid leukemia after a
myelodysplastic syndrome, 1 case of megaloblastic
anemia, and 1 case of idiopathic thrombocytopenic
purpura. BM samples (3 ml) were collected in EDTA
anticoagulant and immediately diluted 1/1 (v/v) in
phosphate-buffered saline (PBS). After collection, the
sample was passed several times through a 25-gauge
needle to disaggregate the BM particles.

Immunological Marker Analysis
BM samples were analyzed by direct immunofluores-
cence using triple-staining combinations of monoclo-

nal antibodies (MAbs) directly conjugated with fluores-
cein isothiocyanate, phycoerythrin (PE), and the PE-
cyanin 5 fluorochrome tandem. The following panel of
MAb combinations (fluorescein isothiocyanate/PE/PE-
cyanin 5) was used: CD34/CD1 17/CD45, BB4/CD1 17/
CD38, and anti-lgE/CD117/CD33. CD117 (100 ,tg/ml)
MAb was purchased from Immunotech (Marseille,
France), CD34 (50 ,tg/ml) from Becton Dickinson (San
Jose, CA), BB4 (100 ,ug/ml) from Immunoquality Prod-
ucts (Gr6ningen, The Netherlands), and anti-IgE (10
,tg/L) from The Binding Site (Birmingham, UK). CD33
(200,tg/ml), CD38 (200,g/ml), and CD45 (200,g/ml)
were purchased from Caltag Laboratories (San Fran-
cisco, CA). Staining of MCs was performed by incu-
bating (10 minutes at room temperature) 200 ,ll of the
diluted BM sample containing 106 nucleated cells with
each of the MAb combinations mentioned above. The
dilution used for each MAb were as follows: CD34,
1/10; CD117,1/20; CD45,1/40; BB4,1/20; CD38,1/40;
IgE, 1/250; CD33, 1/40. Once this incubation was fin-
ished, the stained cells were incubated for another 10
minutes (room temperature) with 2 ml of FACS lysing
solution (Becton/Dickinson) per tube to lyse erythro-
cytes. Afterward, cells were centrifuged (5 minutes at
1800 rpm) and washed once in PBS containing 0.2%
bovine albumin (Sigma Chemical Co., St. Louis, MO)
and 0.1% sodium azide. Fluorochrome-conjugated iso-
type-matched mouse nonspecific immunoglobulins
were used as negative control at similar concentrations
as specific antibodies.

Data acquisition was performed on a FACSort flow
cytometer (Becton Dickinson) using the LYSYS 11 soft-
ware program (Becton Dickinson) and a double-step
procedure. First, 15,000 events per tube, correspond-
ing to the lysed whole BM sample, were collected and
information on them stored. Immediately after, a sec-
ond acquisition of the cells present in the same tube
was performed for at least 300,000 events/tube. From
these events, only those included in a pre-established
SSC/CD1 17 gate were stored to increase the sensitivity
of the method (Figure 1). For data analysis, the Paint-
A-Gate Plus software program (Becton Dickinson) was
used. Enumeration of the MCs present in each sample
was performed by means of calculating the proportion
of CD1 17+ MCs stored in the second acquisition step
from the total number of events acquired upon exclud-
ing cell debris.

Flow Cytometty Sorting of Mast Cells
The cell-sorting experiments were performed on a
FACSort flow cytometer. Cells were sorted into PBS
containing 1% bovine albumin. The sorted cells were
centrifuged for 5 minutes at 200 x g and resus-
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Figure 1. Transformed SSC/CDl1 7+ gated human BM MCs (B and D) from erythrocyte-lysed whole BM (A and C). A and B correspond to a B-cell
chronic lvmphocytic leukemia and C and D to the BM ofa patient stzffering from indolent systemic MC disease.

pended at a cell concentration of 1 x 103/ml in RPMI
1640 containing 10% fetal calf serum. Cytospin
preparations were made by means of a Shandon
cytocentrifuge (Shandon, Southern Products,
Sewickly, UK). For each slide, 100 gl of RPMI 1640
containing 10,000 sorted cells were used. Slides
were stained with either Giemsa or toluidine blue and
examined under a light microscope.

Results

Flow Cytometric Identification of Bone
Marrow Mast Cells

MCs have been shown to have two characteristic
surface markers: the IgE receptor and the CD1 17
antigen. Figure 2 shows two-dimensional projections
of CD117+ BM cells. As it is seen there, regarding
CD1 17 expression, two different cell subpopulations

were identified: minor subset that displays a strong
reactivity for CD1 17 and a major CD1 17-dim+ sub-
population. The former cell subset became evident
only upon applying an electronic gate on the inter-
mediate-low SSC/CD117+ cells as shown in Figure
1. As may be seen in Figure 1, differences in the
light-scatter properties of MCs were observed be-
tween individuals, SSC ranging from values similar to
those of BM plasma cells (Figure 1B) to those ob-
served for mature granulocytes (Figure 1 D). Further
immunophenotypical characterization of these cell
populations (Figure 2A) showed that almost all
CD11 7-dim+ cells were CD38+ whereas the CD1 17-
strong' cell subpopulation was CD38-. In addition,
among the CD1 17-dim+ cells, two subsets were

identified based on the expression of CD38: the
CD38+'++ and the CD38... cells (Figure 2A); from
these two subsets, the former expressed CD34 in the
absence of BB4 whereas the CD38... cells were
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CD34-/BB4+, indicating that they would correspond
to BM CD34+ precursor cells and to plasma cells,
respectively (Figure 2, B and C). The CD1 17-strong+
cells were negative for both the CD34 and BB4 an-

tigens (Figure 2, B and C) and presumably would
correspond to the MCs. In a similar way, two subsets
of cells that displayed high amounts of IgE bound to
their surface were observed (Figure 2, D and E);
nevertheless, only one of them was CD1 17+, corre-

sponding to those cells that displayed a strong re-

activity for the CD117 MAb. The CD117-/lgEsR+
cells showed a CD45/SSC distribution identical to
that of human basophils, whereas the CD117 cells

displayed a more heterogeneous and higher SSC
(Figure 2D); both cell populations were CD33+ (Fig-
ure 2F).

Confirmation of the Flow Cytometric
Identification of Mast Cells
The CD1 17-strong+ cells, shown in Figure 2, A to F,
were sorted based on their high CD1 17 expression.
Afterward, they were either placed on microscopic
slides and stained with either Giemsa or toluidine
blue or reanalyzed in the flow cytometer. As shown in
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Figure 3. Giemsa stain oj soted MCs from a patient suffering from
inzdolenit svstennic MC disease. MCs dispIal' roun-d niucleins and sparsely
granulated cvtoplasn.

Figure 2G, the flow cytometric analysis of the sorted
cells revealed the existence of a homogeneous cell
population; these cells displayed a characteristic
morphology of MCs (Figure 3) and stained meta-
chromatically with toluidine blue. The purity of the
sorted cell fraction was greater than 90%.

Enumeration of Human Bone Marrow Mast
Cells
The overall frequency of MCs in the BM samples
analyzed in the present study was low, constantly
representing less than 1 % of all nucleated cells. The
mean coefficient of variation observed for the num-
ber of CD1 17-strong+ cells obtained in the different
tubes analyzed per individual was relatively low as
shown in Table 1. According to the different groups
of individuals analyzed, it was observed that the
lowest mean frequencies corresponded to normal
human BM samples (0.0080 + 0.0082%) and the
highest to those patients suffering from indolent sys-
temic MC disease (0.40 + 0.13%; Table 1). From the
remaining groups of patients showing intermediate
numbers of BM MCs, the frequency of these cells

was slightly higher in those cases diagnosed with
Waldenstrbm macroglobulinemia (0.25 + 0.06%) as
compared with that of patients with urticaria pigmen-
tosa (0.05 + 0.04%), B-cell chronic lymphocytic leu-
kemia (0.05 + 0.05%), and monoclonal gammopa-
thies (0.025 + 0.03; Table 1).

Discussion
The low frequency at which MCs are usually present
in human BM together with the lack of MC-specific
antigens have been important limitations for the ac-
curate identification of BM MCs. In recent years it
has been shown that the combined use of multiple
staining and flow cytometry allows the sensitive de-
tection of rare cells.35-37 In this sense, our group has
shown35 that the use of a double-acquisition proce-
dure allows the detection of small populations of
leukemic cells in complete remission human BM
samples even when their frequency is as low as that
of 1 leukemic cell in 1 o6 normal cells. Thus, based on
this method and the selection of bone marrow
CD117+ cells, which represent only a small fraction
of all BM cells,37 we expected to overcome the two
major limitations for the identification of mast cells in
BM samples mentioned above. Previous reports
have shown that MCs display two highly character-
istic surface markers: the CD1 17 antigen2'4711 and
the high-affinity IgE receptor.8'9 However, it has
been shown that both markers can also be detected
on the surface of other cell types present in normal
human BM. Accordingly, although significant
amounts of the high-affinity IgE receptor have been
found to be present in human basophils,3'13'18
CD117 expression has been reported in both BM
precursors, including multipotent and erythroid- and
myeloid-committed progenitor cells,"`," and in
normal (Orfao, unpublished observations) and my-
elomatous plasma cells. 17 Almost all cells within

Table 1. Enumerationi of Huiman Bone Marrow Mast Cells

Group

Controls (n = 12)
B-CLL (n = 8)
WM (n = 2)
MG (n = 5)
UP (n = 4)
SMCD (n = 5)
Others (n = 3)*

% mast cells*

0.0080 + 0.0082 (102.5%)
0.0513 + 0.0506 (98.7%)
0.2485 ± 0.0655 (26.4%)
0.0250 + 0.0390 (156.0%)
0.0577 + 0.0419 (119.7%)
0.4040 + 0.1324 (43.9%)
0.0195 ± 0.0120 (61.4%)

CV of replicates

17.9 ± 3.3%
12.2 ± 6.9%
18.6 ± 1.4%
12.3 + 6.8%
14.5 ± 9.5%
9.2 ± 5.0%

21.7 + 9.5%

The percentage of mast cells was obtained based on the number of events displaying a strong CD1 17 expression among BM nucleated
cells. Results are expressed as mean + SD (coefficient of variation in parentheses). The coefficient of variation (CV) of replicates was
calculated from the percentage of MCs CD1 17 strong + obtained within each patient with the different monoclonal antibody combinations
used. B-CLL, B-cell chronic lymphocytic leukemia; WM, Waldenstrom macroglobulinemia; MG, monoclonal gammopathy; UP, urticaria
pigmentosa; SMCD, indolent systemic MC disease.

*One case of megaloblastic anemia, one case of idiopathic thrombocytopenic purpura, and one case of acute leukemia after a
myelodysplastic syndrome.
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these three cell types have been shown to be
CD38+,3738 the extraordinarily high expression of
this marker being characteristic of human plasma
cells.39'40 In the present paper, it is shown that, upon
gating on the CD1 17+ cells, three different CD1 17+
cell subsets were identified in the BM samples ana-
lyzed. These three CD117+ cell subsets could be
clearly distinguished from each other based on their
reactivity for the CD1 17 antigen and the other mark-
ers that have been explored: 1) CD1]17-strong+,
CD34-, CD38-, and BB4-; 2) CD1 17-dim+, CD34-,
CD38-strong+, and BB4+; and 3) CD1 17-dim+,
CD34+, CD38+, BB4-. In addition, it was shown that
the former subpopulation also expressed high
amounts of the high-affinity IgE receptor; in this
sense, it was assumed that MCs were included
within the CD1 1 7-strong+ cell compartment whereas
the other two cell subsets would correspond to
CD117+ BM precursors and plasma cells, respec-
tively. Sorting experiments confirmed this notion.

The mean frequency of MCs in the BM samples
analyzed was quite low according to previous morpho-
logical observations.1 Interestingly, although the num-
ber of BM MCs was very low, the precision of the
method, as measured by the coefficient of variation
obtained for the number of CD1 17-strong+ cells in the
different tubes analyzed per patient, was high, espe-
cially when compared with that of widely represented
cells such as the peripheral blood CD4+ T cells mea-
sured by flow cytometry.41 The lowest values were
observed within healthy individuals, suggesting that
this technique could be used for the detection of ab-
normally high numbers of BM MCs. Accordingly, our
results show that patients with B-cell chronic lympho-
proliferative disorders, urticaria pigmentosa, and indo-
lent systemic MC diseases with a relatively high fre-
quency show increased numbers of BM MCs, a
relatively high degree of variability being detected be-
tween patients. Although this variability may be related
to a direct regulation of MC numbers, it may also be
associated to either an increase or decrease of other
cell types. In any case, the clinical significance of such
findings remains to be elucidated.

Our results show that the procedure proposed in
the present paper will allow 1) the specific identifi-
cation of BM MCs even when present at very low
frequencies, 2) their accurate enumeration, and 3)
their phenotypic and functional characterization
without a need to use preparative steps. This will
contribute to establish 1) the normal ranges of BM
MCs according to age and sex, 2) the significance of
increased numbers of BM MCs in several patholog-
ical conditions (ie, chronic lymphoproliferative and
myeloproliferative disorders, myelodysplastic syn-

dromes, cutaneous mastocytosis, and systemic MC
diseases), and 3) the comparison between normal
and abnormal MCs. In this sense, preliminary data
suggest that BM MCs from aggressive systemic MC
disease display distinct light-scatter and immuno-
phenotypical characteristics42 as compared with
MCs from normal human BM as defined by CD2
reactivity (Escribano et al, data not published).
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